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a  b  s  t  r  a  c  t
The  current  study  is  the  ﬁrst  to investigate  neural  correlates  of  infants’  detection  of  pro-  and
antisocial  agents.  Differences  in ERP  component  P400  over  posterior  temporal  areas  were
found during  6-month-olds’  observation  of  helping  and  hindering  agents  (Experiment  1),
but  not  during  observation  of identically  moving  agents  that did  not  help  or hinder  (Exper-
iment  2).  The  results  demonstrate  that  the  P400  component  indexes  activation  of infants’
memories  of  previously  perceived  interactions  between  social  agents.  This  leads  to suggestKeywords:
ERP
P400
Prosocial
Empathy
Infant
EEG
that  similar  processes  might  be  involved  in  infants’  processing  of  pro- and  antisocial  agents
and other  social  perception  processes  (encoding  gaze  direction,  goal  directed  grasping  and
pointing).
©  2015  Published  by Elsevier  Ltd.  This  is an  open  access  article  under  the  CC  BY-NC-ND
license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Pioneering work by Premack and Premack (1997)
demonstrated that 1-year-old infants attribute goals to ani-
mated agents helping or hindering each other, suggesting
that these events are valued as positive and negative by
the infants. This initial ﬁnding has been replicated and
extended in several ways. Infants from 3 months of age
express different preferences for animated agents that
either help (pro-social) or hinder (anti-social) another geo-
metric shape from climbing a hill (Hamlin et al., 2010). At
this age infants look longer toward the helper than the hin-
derer, the effect being driven by a tendency to avoid looking
at the anti-social agent. At 6 months, once infants’ own
manual capabilities have developed, infants systematically
∗ Corresponding author at: van Kraemers alle 1, SE-751 42 Uppsala,
Sweden. Tel.: +46 070 167 94 14.
E-mail address: gustaf.gredeback@psyk.uu.se (G. Gredebäck).
http://dx.doi.org/10.1016/j.dcn.2015.01.006
1878-9293/© 2015 Published by Elsevier Ltd. This is an open access article u
by-nc-nd/4.0/).reach for pro-social agents when given a choice between a
helper and a hinderer (Hamlin et al., 2007).
These initial pro-social preferences are more complex
during the second half of the ﬁrst year, being inﬂuenced
by the social context in which an interaction occurs.
Eight-month-olds prefer agents that act positively toward
pro-social others and negatively toward anti-social others
(Hamlin et al., 2011) whereas 9-month-olds prefer agents
that treat similar others well and dissimilar others poorly
(Hamlin et al., 2013a). At 1 year of age, infants not only
attribute dispositional states to these interacting geomet-
ric shapes (Kuhlmeier et al., 2003) but also predict that
agents will seek out others that have previously helped
them (Fawcett and Liszkowski, 2012).
Scarf et al. (2012) have criticized the interpretation
made by Hamlin et al. (2007). Instead of focusing on
helping and hindering actions, Scarf et al. (2012) argue
that infants prefer agents that are associated with posi-
tive events. Although this was a reasonable criticism of
the original study this alternative interpretation cannot
account for the conceptual replications of this method that
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/
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ave been performed using different stimuli (Hamlin et al.,
013b; Hamlin and Wynn, 2011), nor can it account for the
ubsequent more complex ﬁndings that infants’ prosocial
references are not rigid but depend on context (Hamlin
t al., 2011, 2013a,b). In sum, there is currently substan-
ial support for the notion that infants are able to interpret
he interaction of animate agents as pro- or anti-social and
hat they use this information to guide their attention and
eaching actions (for a review see Hamlin, 2013, 2014).
Several different interpretations have been proposed to
ccount for infants’ evaluation of actions’ social valence.
ne possibility is that early-emerging mentalistic pro-
esses such as theory of mind and perspective taking
Kovacs et al., 2010; Onishi and Baillargeon, 2005;
outhgate et al., 2007) mediate infants’ pro-social pre-
erences (Hamlin et al., 2013b). In fact, Hamlin et al.
2013b) suggest, based on modeling of empirical data,
hat 10-month-olds’ pro-social preferences might involve
econd-order mental-state representations. That is, the
oal of one agent relates to the intention of another (here
eferred to as the mentalistic account).
In adults and children the temporal parietal junc-
ion (TPJ), and with increased age the pre-frontal cortex
Kobayashi et al., 2007), are often implicated in mentalistic
rocesses (Van Overwalle and Baetens, 2009), along with
ctivation in the superior temporal sulcus (STS; Decety,
011; Decety and Howard, 2013; Moll et al., 2002). Based on
europsychological investigations of empathy conducted
ith adults and older children, alternative accounts are
lso possible. It is conceivable that some pro-social pre-
erences are governed by lower level social perception
rocesses, which relate actions to goals without the need
or mentalizing (here referred to as the social perception
ccount). Several indications suggest that these processes
re organized by the STS without necessary involvement of
igher cognitive functions. Adults showed more activation
f the STS for animated geometrical shapes that appeared
o interact in an intentional manner when compared to ran-
om movements, the activity being related to participant’s
atings of intentionality (Castelli et al., 2000). In children,
 recent fMRI study demonstrated that the STS (as one of
everal areas) is sensitive to perceived intentional harm in
thers (Decety et al., 2012). On a larger scale the STS is sen-
itive to body movement and goal directed actions such
s reaching and looking, in addition to being sensitive to
aces and emotional expressions in general (Allison et al.,
000).
The common denominator of the mentalistic and social
erception accounts of processing of socially valenced
ctions is therefore the involvement of the STS. In infants
t has been argued that the P400 ERP component is an
ndex of STS activity (Gredebäck et al., 2010). There are sev-
ral lines of enquiry that support this assumption. First of
ll, the P400 is often described as an infant version of the
dult N170–N200 (along with the infant N290; de Haan
t al., 2002; Nelson et al., 2006). This is based on stud-
es that demonstrate infant P400 and adult N170–N200 in
esponse to identical stimuli (Gredebäck et al., 2010; Senju
t al., 2006) and the observation that similar manipulations
lter the amplitude of infant P400 and adult N170–N200
omponents (Csibra et al., 2008). The N170–N200 in turne Neuroscience 12 (2015) 106–113 107
has been directly related to the STS via source localiza-
tion and joint EEG, fMRI measures (Puce et al., 1998;
Itier and Taylor, 2004; Dalrymple et al., 2011). On the
basis of these arguments, and the observation that both
accounts involve STS activity, we hypothesize that an infant
P400 ERP component indexes processing of actions’ social
valence.
No study has investigated the neural correlates of pro-
social preferences in young infants. However, a few studies
have demonstrated that the infant ERP component P400 is
related to processing of goal directed actions such as grasp-
ing (Bakker et al., in press) and pointing (Gredebäck et al.,
2010; Melinder et al., in press), to emotional processing
(Leppanen et al., 2007), biological motion (Reid et al., 2006)
and gaze direction (Senju et al., 2006). In this context it is
important to note that P400 amplitudes are larger for func-
tional and goal directed actions (reaching for, or pointing
toward objects, looking at interesting sights) than control
stimuli that lack these object directed properties.
In this study we  examine the neural correlates of infants’
pro-social preferences by measuring EEG and target ERP
components hypothesized to be sensitive to pro- and anti-
social agents in the hill-climber paradigm (Hamlin et al.,
2007). More speciﬁcally, 6-month-old infants were pre-
sented with two scenarios. In Experiment 1 one agent helps
another agent (ball with eyes) to reach the top of a hill,
whereas a different agent hinders the circular agent from
reaching the top of a hill. In Experiment 2 one agent pushes
up an inanimate ball (without eyes) to the top of the hill
and another agent pushed the ball down the hill. Follow-
ing these scenarios infants were presented with repeated
images of the two  agents that helped or hindered in Exper-
iment 1 and moved up vs down in Experiment 2 (only one
image was presented on each trial) and ERP components for
these images were analyzed (for similar designs see Kaduk
et al., 2013; Parise et al., 2008).
We hypothesize that P400 amplitudes will differ
between pro- and anti-social agents (Experiment 1). Fur-
thermore, given that prior studies have demonstrated
larger amplitudes of P400 for congruent than incongru-
ent pointing (Gredebäck et al., 2010) and gaze direction
(Senju et al., 2006), as well as for upright over inverted bio-
logical motion point-light displays (Reid et al., 2006), we
predict a larger P400 in response to agents that previously
have helped over agents that previously hindered others.
The hypothesized common denominator of previously and
currently investigated social stimuli is a larger P400 ampli-
tude for functional and typical social behavior (pointing to
objects, looking at interesting sights, and agents that help
others). No difference in P400 amplitudes is expected in
Experiment 2 where the agent that is being helped and/or
hindered is replaced by an inanimate ball.
We also analyzed the Nc component. This mid-latency
component occurs approximately 300–700 ms  after stim-
ulus onset and is most prominent at fronto-central
electrodes. It reﬂects attentional orienting to salient stimuli
(Courchesne et al., 1981) and/or a general attentional
arousal (Richards, 2003), as it is larger to infrequent than
frequent stimuli (e.g. Courchesne et al., 1981) and is larger
during periods of sustained attention (Richards, 2003). We
examined the Nc in order to preclude attention and other
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lower level accounts that may  provide an alternative expla-
nation for differences found between conditions in the
P400.
2. Experiment 1
2.1. Methods
2.1.1. Participants
Fourteen 6-month-old infants (eight female; mean age
6 months, 3 days, range 5 months, 27 days to 6 months,
12 days) were included in the ﬁnal analysis. An additional
11 infants (ﬁve female) were excluded since they did not
pass the inclusion criteria of at least 10 artifact free trials
per stimulus set (helper/hinderer). None of these infants
participated in Experiment 2. Parents signed a consent form
prior to participation and received a gift certiﬁcate (100
SEK). The local ethical committee, in accordance with the
declaration of Helsinki, approved the study.
2.1.2. Stimuli and procedure
Each participating infant was presented with two  sets
of stimuli, one training set and one test set, created
in Blender, an open source 3D animation environment
(www.blender.org). The training set included six movies
(three helper and three hinderer) in which a protagonist (a
red ball with eyes) attempted and failed to climb a hill. In
each movie the protagonist made three failed attempts to
climb the hill after which the protagonist was either helped
or hindered by another geometric shape (a blue square or a
yellow triangle with eyes, see Fig. 1). The movies were pre-
sented in a counterbalanced order (helper or hinderer ﬁrst),
with square and triangle randomly assigned to be helper or
hinderer. Each movie was 14 s long and was preceded by
a black screen (duration 3 s prior to ﬁrst movie, 2 s prior
to all remaining movies). The total duration of the entire
training session was 97 s (judged by the authors to be the
maximum amount of time that infants would attend to the
training stimuli and the subsequent test stimuli).
The hinderer movies started with a still image of the
hill (1000 ms). The protagonist emerged from the right,
climbed the ﬁrst half of the hill and then bounced up and
down three times (after which 4000 ms  were elapsed since
movie start). The protagonist then tried unsuccessfully to
climb the steeper second half of the hill. These motions
were intended to establish the protagonist as an agent in
need of assistance because it was unable to reach its goal.
Movements of the protagonist during these events were
accompanied by a sound highlighting the movements of
the ball. Following these initial events the hinderer entered
from the top of the hill (7700 ms  elapsed) and pushed the
protagonist all the way down the hill before returning to
its initial position and disappearing (13 100 ms). The movie
ended with a stationary picture depicting the protagonist
at the bottom of the hill. In total the movie lasted 14 s. The
helper movies had an identical timing and overall structure,
except that the helper appeared from below and helped
the protagonist by pushing it up the hill. As the helper
moved back down the hill, the protagonist bounced three
times on the hilltop. This movement ended just before the
helper disappeared from the screen at the bottom of thee Neuroscience 12 (2015) 106–113
hill. The helper and hinderer had moving eyes and gazed at
the protagonist as they interacted with it. The protagonist’s
eyes always ﬁxated its goal at the top of the hill. In each
movie the helper and hinderer were accompanied by dif-
ferent sounds highlighting their movements, with a slightly
lower pitched sound always accompanying the triangle and
a slightly higher pitched sound accompanying the square.
The test set of 40 trials randomly alternated still images
of the helper and hinderer (20 trials each), positioned at
the middle of the hill. Each trial consisted of a black picture
with a ﬁxation-cross (duration 1200–1400 ms)  followed by
an image of the helper or hinderer together with its cor-
responding sound (image duration 400 ms,  sound duration
250 ms). This target stimulus was then followed by the next
ﬁxation cross and the next stimulus image.
In order to increase participants’ opportunity to pro-
cess the training material, participating families were sent
internet links to the training set and asked to watch it
together with their child on the two  consecutive days
immediately prior to the experiment day. Parents were
instructed to watch the movies in full screen mode in a
quiet environment without distractions. Parents were also
informed that presenting the movies more times might
reduce their infant’s attention to the stimuli once in the lab.
All parents reported that they had followed these instruc-
tions when asked on arrival to the lab.
During the lab session participants once more viewed
the training set and directly thereafter the test set. The
study was a within subject design, as such each infant was
presented with both helper and the hinderer trials. Once
the test set was  completed, or if infants lost attention to the
screen, the training set was presented once more followed
by the test set. The stimuli were repeated until participants
stopped attending. On average infants attended to 48 trials
(range 24–59) of the test stimuli depicting the helper and
48 trials (range 24–58) of the test stimuli depicting the
hinderer.
2.1.3. EEG recording and analysis
Age appropriate 128-channel Geodesic Sensor Nets
(HCGSN 130; EGI, Eugene, OR) were used to record EEG sig-
nals. The signal (vertex referenced) was  sampled at 250 Hz,
ampliﬁed by EGI Net ampliﬁer (GES 300 Amp; EGI, Eugene,
OR) and stored for off-line analysis. Continuous EEG data
were digitally ﬁltered (0.3–30 Hz) and segmented from
200 ms  prior to the appearance of the agent to 1000 ms
after the agent’s appearance. The electrodes from the most
anterior and posterior area were not included in the ﬁnal
analysis due to high noise caused by poor contact with the
scalp. In total, 38 electrodes were excluded from the analy-
ses (see Fig. 2). On remaining 90 electrodes artifacts within
trials were initially deﬁned as channels with more than
200 V change in amplitude. The data were then manu-
ally checked for artifacts. On average 21 helper trials per
infant (range 13–34) and 20 hinderer trials (range 10–30)
were included in the ﬁnal analysis. This data were baseline
corrected (average amplitude of 200 ms  prior to appear-
ance of agent) individually for each trial. Segments were
then re-referenced (average reference) and aggregated to
individual averages for each trial type (helper/hinderer).
Individual averages and the grand average ERPs were
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Fig. 1. Stimuli used in training and test set of Experiment 1. Note that the identity of the helper (here a triangle) and the hinderer (here a square) was
randomized across participants. (For interpretation of the references to color in this sentence, the reader is referred to the web version of the article.)
Fig. 2. Denotes channels used to analyze P400 (black circles), channels included in the analysis (gray circles) and excluded channels (white circles). Grand
average ERP data are shown for selected channels for the ﬁrst 600 ms  after the onset of the test stimulus (image of helper/hinderer in Experiment 1
agent  moving up or down in Experiment 2). Black triangles mark signiﬁcant differences between helper and hinder trials. Solid lines represent helper in
Experiment 1 and agent moving up in Experiment 2, dashed lines represent hinderer in Experiment 1 and agent moving down in Experiment 2.
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visually inspected and electrodes in locations related to
posterior temporal cortex (P400) were further examined
(see Fig. 2).
Channels previously used to assess the P400 compo-
nent over posterior temporal areas in infancy (Gredebäck
et al., 2010) were also investigated in the present study (left
channel numbers; 59, 60, 61, 65, 66, 67, and right channel
numbers; 77, 78, 84, 85, 90, 91). In addition ERP compo-
nent Nc (channel numbers 5, 6, 7, 12, 13, 20, 29, 104, 105,
106, 111, 112, 118) was analyzed. Analyses were based on
the average amplitude of these channels and a time inter-
val ranging from 250 to 400 ms  after the appearance of the
helper or hinderer on the screen (in the test set) for P400.
The Nc was investigated using the average amplitude of the
above-mentioned channels during a time range from 400
to 600 ms  after the appearance of the helper or hinderer.
Amplitude data for P400 was aggregated over electrodes
and entered as the dependent variable in a General Linear
Model (GLM) with agent (helper, hinderer) and hemi-
sphere (left, right) as predictors and complemented with
non-parametric Wilcoxon Matched Pairs Test (aggregated
over hemisphere). Amplitude data for Nc were aggregated
over channels and entered as the dependent variable in a
repeated measure t-test with agent as independent vari-
able and complemented with non-parametric Wilcoxon
Matched Pairs Test. All data sets were checked for outliers
(±3 z-score), however, no outlier channels were detected.
2.2. Results
The amplitude of P400 differed signiﬁcantly between
the helper (2.36 V, SE = 1.35) and hinderer (−0.96 V,
SE = 1.4), F(1,13) = 5.27, p = .039, 2p = .29 (see Figs. 2 and 3).
No signiﬁcant main effect of hemisphere (left and right),
F(1,13) = 1.09, p = .31, or interaction effect between hemi-
sphere and agent, F(1,13) = 0.002, p = .96, was observed.
A Wilcoxon Matched Pairs Test demonstrated a signiﬁ-
cant effect of trial type, W(14) = 20, p = .04 for the P400. At
the same time no differences between helper (−3.82 V,
SE = 1.05) and hinderer (−1.98 V, SE = 1.12) trials were
observed for the Nc, t(13) = 1.33, p = .21. A Wilcoxon
Matched Pairs Test conﬁrmed no signiﬁcant effect of trial
type, W(14) = 34, p = .24 for the Nc component.
2.3. Discussion
Experiment 1 demonstrates differential processing of
pro- and anti-social agents, expressed as larger P400 ampli-
tudes for agents that previously helped than agents that
previously hindered another agent. No differences were
observed in ERP component Nc. One important caveat is the
possibility that reported effects reﬂects superﬁcial proper-
ties of the stimuli (e.g. upward and downward motion) and
not of social valence. In order to control for this Experiment
2 presented infants with highly similar events in which the
agent being helped or hindered is replaced with a ball. Thus,
the helping agent in Experiment 1 is now moving a ball
(with no eyes) up a hill and the prior hindering agent from
Experiment 1 now moves a ball down the hill.
ERP components reﬂecting evaluations of social valence
should no longer differentiate between the two trial typese Neuroscience 12 (2015) 106–113
in Experiment 2, because the red ball is no longer estab-
lished as an agent with goals and can therefore no longer
be helped or hindered. At the same time ERP components
resulting from other properties of the stimuli such as super-
ﬁcial perceptual or attentional differences should remain or
be enhanced. Along these lines we hypothesize that differ-
ences in amplitude of P400 between helper and hinderer
should disappear when comparing upward and downward
motion in Experiment 2.
3. Experiment 2
3.1. Methods
3.1.1. Participants
Fourteen 6-month-old infants (six female; mean age 6
months, 3 days, range 5 months, 21 days to 6 months, 12
days) were included in the ﬁnal analysis. An additional 10
infants (ﬁve females) were excluded since they did not pass
the inclusion criterion of at least 10 artifact free trials per
trial type. General procedures were conducted as in Exper-
iment 1.
3.1.2. Stimuli and procedure
The general properties of the stimuli remained the same
as described in Experiment 1 above. The test stimuli and
procedure were identical. The main difference between the
two  training stimuli sets was the ball’s absence of eyes and
self-propulsion. Thus the ball was inanimate and moved
only when being pushed up (move up movies) or down
(move down movies) the hill. The movements of the two
agents as they pushed the ball up and down the hill were
identical to in Experiment 1. The duration of each movie
was  7 s – movies were shorter because they lacked the ini-
tial phase establishing the ball’s attempt to climb the hill.
Before the ﬁrst movie a 3 s black screen was presented.
For the remaining movies the duration of the black screen
was  2 s. The total presentation time of the entire train-
ing session was 55 s long. The movies were presented in
a counterbalanced order, with the two agents (square and
triangle) randomly assigned to movie types (move up or
move down).
The move down movies started with a still image of the
hill with the ball located at the middle of the hill (1000 ms).
The agent moving down then appeared from above, pushed
the ball down the hill, and moved up the hill and left the
screen using identical motions and timings to the hinderer
in Experiment 1. The movie ended with a still picture con-
taining the ball stationary at the bottom of the hill (600 ms).
The move up movies had an identical timing and overall
structure, but here the agent moving up appeared from the
bottom, pushed the ball up the hill, using identical motions
and timings to the helper in Experiment 1. All other aspects
of the training set, the test set, and the experimental design
were identical to Experiment 1, including sounds associ-
ated with the different agents. On average infants attended
to 49 trials (range 30–87) of the test stimuli depicting
the move-up agent and 50 trials (range 30–70) of the test
stimuli depicting the move-down agent.
G. Gredebäck et al. / Developmental Cognitive Neuroscience 12 (2015) 106–113 111
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The data reduction procedure was identical to that
escribed under Experiment 1. On average 20 move-up
gent trials per infant (range 11–47) and 21 move-down
gent trials (range 10–45) were included in the ﬁnal anal-
sis.
.2. Results
The amplitude of P400 did not differ between the two
rial types; move-up agent (−2.98 V, SE = 1.68) and move-
own agent (−1.0 V, SE = 1.56), F(1,13) = 2.48, p = .14
Figs. 2 and 3). No signiﬁcant main effects of hemisphere
left and right), F(1,13) = .006, p = .94, or interaction effects
etween hemisphere and agent, F(1,13) = 1.94, p = .18, were
bserved. A Wilcoxon Matched Pairs Test demonstrated
o signiﬁcant effect of trial type, W(14) = 31, p = .18 for the
400. In addition the results demonstrate a signiﬁcant Nc
omponent, t(13) = 2.74, p = .002, with a more negative Nc
mplitude for the moving down agent (−4.83 V, SE = 1.79)
hen contrasted to the moving up agent (−2.74 V,
E = 1.38). The Wilcoxon Matched Pairs Test further con-
rmed the signiﬁcant effect of trial type, W(14) = 15, p = .02.
.3. Discussion
Experiment 2 did not ﬁnd differences between ampli-
udes in ERP component P400 when comparing agents
oving an inanimate ball up or down a hill. There is there-
ore no evidence for a P400 effect when the social valence
imension is removed, suggesting that P400 in the cur-
ent context is modulated by degree of prosociality. Instead
xperiment 2 demonstrates differences between upward
nd downward moving agents in the Nc component often
ssumed to index attention (Richards, 2003). As no such
ffect was demonstrated in Experiment 1, this is likely not
elated to the core question at hand and might reﬂect atten-
ional difference with respect to low-level visual properties
f the stimuli used in Experiment 2. Apparently these
spects of the stimuli become more salient when the social
nteraction and the helping or hindering is removed.helper, hinderer) in Experiments 1 and (moving-up, moving-down agent)
 < .05 and error bars representing SE (A). Individual amplitude difference
riment (B).
4. General discussion
Six-month-old infants’ neural activity, as measured by
the ERP component P400, differed when observing agents
that previously helped and agents that previously hindered
others. The P400 amplitude differences did not manifest
themselves in Experiment 2, where upward and downward
moving agents had no pro- or antisocial connotations. This
is the ﬁrst study that relates detection of prosociality to a
speciﬁc ERP component and the ﬁrst to demonstrate that
infant P400 amplitudes are mediated by an agent’s his-
tory of helping or hindering others (for prior work on EEG
oscillations in 14-month-olds in the context of prosocial
behavior see Paulus et al., 2013).
The current ﬁnding appears consistent with behavioral
data at 6 months of age. Prior work has documented overt
preferences for helping over hindering agents, measured
by both looking times and preferential reaching (Hamlin
et al., 2007, 2010) at the same age. We  did not measure
infants’ behavioral responses to the stimuli, but it should
be noted that the current stimuli very closely resemble the
stimuli used in previous studies to demonstrate behavioral
preferences for pro-social agents and avoidance of antiso-
cial agents in infants of the same age (Hamlin et al., 2007).
It is therefore very likely that the neural correlates of social
valence processing demonstrated here represent the ﬁrst
stages of the neural process leading to infants’ expression
of pro-social preferences.
The ﬁndings are also consistent with the few prior stud-
ies that have indexed social perception using the P400
component. The same ERP component that here indexes
social valence has previously been documented to index
social perception of various stimuli, including goal directed
grasping (Bakker et al., in press), pointing (Gredebäck
et al., 2010; Melinder et al., in press) and gaze direc-
tion (Senju et al., 2006). In those studies functional and
goal directed actions resulted in larger amplitudes than
non-goal directed and/or non-functional events. We  sug-
gest that the current results ﬁt in with this interpretation
under the assumption that 6-month-olds are more readily
attuned to process positive compared to negative valenced
social actions. This processes is indexed by ERP component
 Cognitiv112 G. Gredebäck et al. / Developmental
P400. This assumption receives support from the obser-
vation that across a variety of social modalities, infants
in their ﬁrst 6 months devote more attention to pos-
itive stimuli, with a bias toward negativity developing
later (Vaish et al., 2008). Furthermore, speciﬁcally in the
hill climber paradigm young infants devote more visual
attention to the helper than the hinderer (Hamlin et al.,
2010). However, this latter study also demonstrates that
3-month-olds discriminate a hinderer from a neutral actor
but not a helper from a neutral actor. Together, these ﬁnd-
ings are not yet fully interpretable. What is clear however
is that the infant P400 response is general to a broad range
of social stimuli including not only the discrimination of
more or less functional actions but also the discrimination
of valenced social actions. The P400 component not only
indexes social perceptual processes that relate one per-
son’s actions to immediate goals (Bakker et al., in press;
Gredebäck et al., 2010; Senju et al., 2006) but also to inter-
actions between social agents. Though the current stimuli
belong to a somewhat different class of social events it is
possible that current P400 response maps the same under-
lying neural networks dedicated to other forms of social
perception.
One design difference between this study and previous
studies of the infant P400 reveals a new aspect of the P400.
In previous studies, condition differences were directly
perceivable in the test stimuli, for example because a point-
ing gesture was congruent or incongruent with an object
location displayed a fraction of a second previously. In this
study, however, there were no differences in the directly
perceivable properties of the test stimuli (the agents them-
selves). Rather, agents differed in behavior displayed dur-
ing the training stimuli, which were presented separately.
Most infants saw a full set of 40 test trials, which lasted 68 s,
meaning test trials were presented on average 34 s after a
training stimulus. Different responses to different agents
based on their previous history of social interaction imply
that infants encode in memory attributions of valence to
speciﬁc agents (Hamlin et al., 2013a). The current results
indicate that the infant P400 can index not only immediate
evaluations of social stimuli but also activation of memory
of properties associated with particular agents.
It is difﬁcult to connect ERP components to speciﬁc
spatial locations on the cortex, in the absence of source
localization. However, with respect to P400, there is a
strong candidate area that has previously been associated
with this neural marker. Nelson et al. (2006) argue that the
infant P400 is functionally similar to the adult N170 com-
ponent (see also Csibra et al., 2008; de Haan et al., 2003;
Nelson et al., 2006). In turn, the adult N170 component has
been connected with the STS using both source localization
of ERP data (Itier and Taylor, 2004) and joint recordings
of ERP and fMRI (Dalrymple et al., 2011). One possibility,
that requires further study before ﬁrm conclusions can be
made, is that the P400 component demonstrated for pro-
and antisocial agents in 6-month-olds originates from pro-
cesses similar to those underlying other forms of social
perception, namely STS activity (Gredebäck et al., 2010).
The aim of this study was not to directly compare the
mentalistic and non-mentalistic accounts for social valence
detection described in the introduction, as there are manye Neuroscience 12 (2015) 106–113
aspects of neural activity that are not accessible via ERP
techniques. We  hypothesized a P400 component because
both these accounts involve STS activity, which the infant
P400 has been argued to reﬂect. However, we note that
visual inspection of ERP data did not demonstrate any other
ERP components selectively processing helping and hin-
dering (Experiment 1) but not agents moving up or down
(Experiment 2). As such, no clear evidence of a larger net-
work involving the pre-frontal cortex can be found in the
current study. The current ﬁndings therefore provide no
support for the hypothesis that second-order mentaliza-
tion lies behind prosocial preferences at 6-months of age,
although such processes have been implicated in older
infants (Hamlin et al., 2013b). Although undetected frontal
correlates cannot be ruled out, a parsimonious account
of 6-month-olds’ prosocial preferences based on the cur-
rent data is that they rely on a network restricted to
posterior-temporal areas and the STS, as suggested by the
non-mentalistic account. One possibility is that STS acti-
vation is supported by anthropomorphizing processes in
the amygdala (Heberlein and Adolphs, 2004) that trans-
form moving geometric shapes into perceived agents with
intentions and goals.
5. Conclusions
We  demonstrated that the P400 component not only
indexes social perceptual processes that relate one per-
son’s actions to immediate goals (Bakker et al., in press;
Gredebäck et al., 2010; Senju et al., 2006) but also activation
of the memory of social agents’ previous pro- and antiso-
cial actions. Similarities between the current results and
prior studies targeting social perception suggest that simi-
lar mechanisms might be involved in processing both goal
directed actions (pointing and gaze), biological motion,
and collaborative interactions between non-human agents
(helping). When it comes to social valence these processes
appear functional at 6 months of age.
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